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A low-power laser illuminates 
traces of dust in a chemical 
reagent. An NBS technique uses 
the amount of light scattered by 
the laser to indicate the 
contamination level of the liquid. 
This vial shows a particle 
contamination of approximately 
0.2 ppm. (See page 80.) 
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The arrangement of wires on the 
rectangular metal block is the adjustable 
Josephson junction (arrow) ; voltage bias 
and thermal noise is supplied by the 
resistor (right). 
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R. A. Kamper makes a final adjustment 
of the Josephson junction before inserting 
it into a cryostat 


LOW-TEMPERATURE 


MEASUREMENT 


@ In the temperature range below 
10 K, and especially below 1 K., 
thermometry becomes very difficult. 
The need for temperature measure- 
these low temperatures. 
however, has been steadily increasing. 
This need is especially felt in studies 
of rocket fuels, superconductivity, nu- 
clear magnetism, and many other 
areas of science and technology. 
Since traditional methods of tem- 
perature measurement become diffi- 
cult to use in the millidegree range. 


ments. at 


more exotic concepts have begun to 
appear more practical. One such pos- 
sibility was recently advanced by 


R. A. Kamper of the NBS Institute for 


Materials Research at the Cryogenics 
Laboratories. Boulder. Colo.' This 
concept offers the promise of a ther- 
mometer which can measure directly 
the absolute temperature of a metallic 
conductor in the temperature range 
from 0.001 to 10 K. An important ad- 
vantage of the thermometer, in prin- 
ciple at least. is that no calibration 
is required. 

The phenomenon on which the pre- 
diction of temperature measurement is 
based is electrical noise—a fluctuating 
voltage which is present in all metallic 
conductors due to the Brownian mo- 
tion of the electrons. The magnitude 
of this voltage varies as a function of 

continued 
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LOW-TEMPERATURE 


both temperature and resistance of 
the conductor and becomes very small 
at low temperatures. However, it 
should be detectable at very low tem- 
peratures with the aid of the Joseph- 
son effect, which occurs when two 
superconductors are connected by a 
weak junction. When a steady bias 
voltage is maintained between the two 
superconductors, the junction oscil- 
lates at a frequency proportional to 
the voltage. 

The required bias voltage may be 
conveniently supplied by passing di- 
rect current through a resistor con- 
nected in parallel with the junction. 
The electrical noise in this resistor 
then causes a random frequency mod- 
ulation of the signal from the junc- 
tion, spreading it over a band of fre- 
quencies. 

A preliminary calculation shows 
that the width of this band of fre- 
quencies is proportional to the value 
of the resistance and its absolute tem- 
perature. Thus, in theory, measuring 
this bandwidth forms the basis of a 
new type thermometer. 

Preliminary experimentation by A. 
H. Silver and J. E. Zimmerman, of 
the Ford Scientific Laboratory, and 
R. A. Kamper,’ of the Bureau staff, 
has confirmed the predictions of the 
calculation over a wide range of re- 
sistances and a modest range of tem- 
peratures. Although the thermometer 
has not yet been tested at millidegree 
temperatures, realistic values for the 
bias resistance and system stability in- 
dicate the possibility of measuring 
temperatures in this range. To do this, 
however, it will be necessary to elim- 
inate all spurious noise associated with 
the junction. It is apparent, therefore, 
that some development remains on the 
thermometer. This further develop- 
ment is currently in progress. 


continued 








' Millidegree noise thermometry, by R. A. 
Kamper, Proc. Symp. Physics of Superconducting 
Devices (University of Virginia, Charlottesville, 
Apr. 28-29, 1967). 

“ Contribution of thermal noise to the linewidth 
of Josephson radiation from superconducting point 
contacts, by A. H. Silver, J. E. Zimmerman, and 
R. A. Kamper, Appl. Phys. Letters 11, 209 (1967). 
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PRECISE 
TEMPERATURE 


CONTROL 


Water Bath Stable 
to 25 Millionths 


of a Degree 


@ Physical and chemical measurements that must be 
made in temperature-stable environments include molecu- 
lar weight determinations, voltage comparisons with stand- 
ard cells, and energy measurements by several types of 
calorimeters. Microcalorimeters (devices for measuring 
minute heat changes) used at the NBS Radio Standards 
Laboratory as the national standards of microwave power 
require especially stable temperature control. For this 
purpose, two RSL scientists, N. T. Larsen and M. E. Har- 
vey, recently developed a precisely controlled water bath 
that provides temperatures constant to within 25 millionths 
of a degree Celsius for a 24-hour period. 

Previously a water bath having a stability of +0.005 
deg C was used at NBS to control temperatures for cali- 
bration purposes. This, however, proved inadequate for 
new power standards. The RSL scientists decided to design 
an improved water bath for which they set as a design 
goal a temperature stability of 0.0001 deg C, fifty times 
more stable than the existing bath. 

The system design that they finally selected isolates 
the temperature-controlled volume from major paths of 
energy exchange. It employs a temperature controller con- 
taining an a-c bridge with inductively-coupled ratio arms. 
All the bridge components that would be affected by tem- 
perature are located within the controlled-temperature en- 
vironment. The temperature stability of + 0.000025 deg C 
attained by this system is four times better than even the 
ambitious design goal. 

In the past year many of the NBS microwave power 
transfer standards were calibrated in the new stable-tem- 
perature environment. These transfer standards, in turn. 
were used to make approximately 1400 calibrations of 
primary laboratory standards sent to NBS by industrial 
and military standards laboratories. When returned, these 
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laboratory standards are used in many thousands of rou- 
tine calibrations and tests. 


Water Bath 


The water bath design accelerates calorimeter equilibra- 
tion by permitting rapid adjustment of the bath to the 
calorimeter internal temperature. Since this temperature 
may be either slightly above or slightly below the labora- 
tory room temperature, the control system must be able 
either to heat the bath’s water or to cool it—pump heat 
from it—in maintaining the desired temperature. The 
RSL scientists chose evaporative cooling of water for the 
latter method because it is coraparatively simple, is eco- 
nomical, and has a high coefficient of performance (ex- 
tracts much heat for the energy used). 

An important feature of the water bath is that the tem- 
perature-controlled volume is within a baffle tank which 
is surrounded, for the most part, by water. A propeller 
circulates water up into the temperature-controlled volume, 
from which it flows radially outward and then down 
around the outside of the baffle tank. This places a layer 
of moving water around most of the controlled volume, 
where most of the heat exchange takes place. 

The bath can be operated, when used with an appro- 
priate temperature controller, at any temperature from 
18 to 28 °C, provided this temperature is not more than 
6 degrees below ambient room temperature. 


Temperature Controller 


Bath temperature is controlled by a system composed of 
a platinum resistance thermometer, an amplifier, and a 
heater, connected in a feedback loop. To obtain sufficient 
sensitivity and to avoid thermal emf’s, a precision alter- 
nating-current bridge is used. This permits the use of in- 
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Fred Clague lowers an 18-26.5 GHz power standard into a water 
bath stable to 25 millionths of a degree. Anne Rumfelt admits 
water to a second bath containing another radiofrequency power 
standard. 


ductively coupled ratio arms for two of the bridge arms. 
Their ratio is continuously variable, so that the remain- 
ing resistive arm may be a fixed reference resistor. It is 
located in the probe with the temperature sensor. The 
temperature coefficient of the inductively coupled ratio 
arms is negligibly small, virtually eliminating the effect 
of ambient temperature fluctuations on the sensing bridge 
circuitry. 

Electrical leads entering the bath are arranged in such 
a way that temperature-induced resistance changes have 
negligible effect on the bridge. A high gain, low-noise 
solid state amplifier drives the silicon-controlled rectifier 
circuit which powers the temperature control heater. 

The temperature sensor is an important feature of the 
temperature controller. Thermocouples were rejected be- 
cause of their need for a reference temperature. Tem- 
perature measurements made by means of the pyroelectric 
effect also were rejected, because of inadequate long- 
term stability. Thermometry using the temperature coef- 
ficient of quartz crystal oscillators also was rejected, be- 
cause of high sensitivity to room temperature variations. 
The choice of a temperature sensor was thus reduced to the 
temperature-sensitive resistor types. 


Performance 


The measurement of the stability of the bath and con- 
troller presented serious difficulties to the RSL scientists 
because the thermal stability of any other known tempera- 
ture measuring system was inferior to that of the new 
bath. However. Mr. Harvey devised a thermocouple sys- 
tem to measure temperature fluctuations during periods 
that were short compared to the thermal time constant of 
a large reference mass. The system provided useful infor- 
mation on fluctuations occurring during intervals of a 
few seconds to an hour or so, but did not permit measure- 
ment times extending to a day or more. This problem 
was solved by using a second controller as a thermom- 
eter, an approach similar to that used for evaluating the 
stability of standard cells and frequency standards by 
intercomparing two or more items and measuring the 
relative drift. This technique makes it possible to identify 
an item that varies with respect to the mean of an entire 
group and thus to draw conclusions about its probable 
stability. 

Tests made over a number of days revealed that the 
hath temperature did not change by more than + 0.000010 
deg C during a 9-hour working day. Thermal gradients 
in the bath in a 30-liter volume were found to be no 
greater than 0.000009 deg C for bath temperatures be- 
tween 1.75 deg C above room temperature and 1 deg C 
below room temperature. 
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NEW TOOL FOR ENERGY TRANSFER STUDIES 


Carbon Dioxide Laser Induces Infrared Fluorescence 


@ The recent availability of high-power infrared lasers 
has stimulated the divergent interests of molecular spec- 
troscopists. In particular, the carbon dioxide laser has 
been gaining widespread application as an intense source 
of infrared radiation; its use has been reported in a large 
number of spectroscopic experiments. Relatively little 
work, however, has been done on fluorescence using this 
laser as a source. 

In a recent study,' by A. M. Ronn of the NBS In- 
stitute for Basic Standards, infrared fluorescence experi- 
ments were performed on a number of gases by irradia- 
tion with a 50-watt continuous-wave 
nitrogen-helium laser. Infrared emission spectra were 
obtained from a variety of gases. The study, sponsored 
by the Advanced Research Projects Agency of the De- 
partment of Defense under Pr oject Defender, has shown 
that this experimental procedure is a valuable method of 
obtaining information for energy transfer studies. 

The emission spectrum of ethylene is typical of the re- 
sults obtained. In this case, a pressure of 50 mm of Hg 
was found to be optimal for emission with all features of 
the v; band (approximately 900 to 1000 cm!) appearing 
quite well. At that pressure, ethylene absorbed all of the 
laser lines, and consequently a considerable number of 
molecules were promoted to the upper state of v;. Re- 
distribution of the excited molecules to all rotational states 
in the vibrational band by thermalizing collisions was 
very rapid at this pressure, on the order of 0.1-10 micro- 
seconds. Vibrational relaxation, however, was much 
slower, approximately 0.1-10 milliseconds; hence, emis- 
sion occurred in most rotational transitions in the band. 

Similar experiments were performed on sulfur hexa- 


carbon dioxide- 


fluoride, ammonia, methyl bromide, deuteromethy] iodide, 
deuterium sulfide, methylamine, methyl acetyline, and 
ethyl chloride, all of which exhibited transitions in the 
neighborhood of the laser’s frequency. All but deuterium 
sulfide and methylamine showed fluorescence in varying 
intensities and at various optimal pressures. The only note- 


A.M. Ronn prepares a carbon dioxide 
laser for fluorescence experiments. 
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Spectrum of ethylene 
using the carbon 
dioxide laser as a 
source. 


worthy exception appeared in the emission spectrum of 
ammonia. 

In NHs, coincidence with the laser’s lines appeared to be 
mainly in the overtone band 23-13, suggesting that the 
resulting emission spectrum should be distinctly differ- 
ent from the absorption spectrum where 0°>v3 and 
0°; lines prevail. This was, indeed, found to be the 
case as all emission lines originating from the s states 
were slightly more intense than those from the a states. 
The overtone transitions for NH, were also more intense 
in the emission spectrum in proportion to the fundamenal 
Q-branch (band center) transitions than they were in ab- 
sorption. 

A commercial CO, laser was used in the NBS study 
as a pumping source and an infrared grating spectrometer 
for detection (resolution 0.5 cm-'). The specimen chamber 
had four sodium chloride windows on a 25-mm bore 
“cross” of approximately 10 x 3 cm dimensions so that 
the laser energy entered and exited through one pair of 
windows separated by 10 cm. The observations of emis- 
sion were made at a 90 degree angle through a third win- 
dow. This and the fourth window were also used for 
absorption experiments, keeping all other experimental 
conditions the same as in the emission determinations. 

Although the mechanism for emission is not yet fully 
understood, it is obvious that the efficiency of collisional 
transfer is sufficient to populate a total vibration-rotation 
band when only a few of its members are completely 
saturated, Further investigation of fluorescence is planned 
utilizing longer excitation paths, time resolved relaxation 
measurements, and higher resolution infrared instrumen- 
tation. 


' See Laser induced infrared fluorescence, by A. M. Ronn, J. Chem. Phys 
Letter (to be published). 
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Asymmetrical curves for 
the heat capacity of a 
titanium-nickel alloy 
indicate a higher than first 
order transition as was 
previously suspected. The 
transition temperature 
shifted to a lower 
temperature each time the 
specimen was heated. 
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ENGINEERING DATA OBTAINED 
FOR TITANIUM-NICKEL ALLOY 


Heat Capacity Determined From 25 to 220 °C 


@ Titanium-nickel alloys have favor- 
able properties for many applications. 
Their resistance to stress-corrosion 
cracking makes them ideally suited to 
marine environments. Their high- 
hardness and nonmagnetic properties 
make them suitable for bearings, 
handtools, cutlery, and instrument 
components. The 50-50 TiNi alloy is 
also of special interest because of the 
solid-state transition it undergoes 
when heated above room temperature. 
A wire made from this alloy, for ex- 
ample, has the odd property that when 
bent at room temperature it will 
straighten as it is heated through the 
transition range. Understanding this 
transition is one of the fundamental 
problems associated with TiNi alloys. 

Because of this alloy’s potential for 
engineering applications as well as the 
fundamental interest in the nature of 
the transition, H. A. Berman and E. D. 
West of the NBS Institute for Basic 
Standards in cooperation with A. G. 
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Rozner of the Naval Ordnance Lab- 
oratory investigated the specific heat 
of a TiNi alloy (50 atomic percent of 
each element) in the temperature 
range from 25 to 220 °C.' The en- 
tropy of transition, which is impor- 
tant for understanding the nature of 
the transition, was found from the 
heat capacity data to be 2.76 entropy 
units (11.5 J/mol-K). 

Heat capacity measurements in the 
transition region are especially diffi- 
cult for this type of alloy because of 
the slow approach to thermal equi- 
librium after the alloy is heated. How- 
ever, the NBS adiabatic calorimeter is 
especially applicable for studying the 
transition region because slow changes 
in the specimen can be followed by 
observing the calorimeter tempera- 
ture, which changes slowly in a pre- 
dictable way unless influenced by an 
energy change in the specimen itself. 

The NBS study, therefore, consisted 
of determining the amount of energy 


required to raise the calorimeter and 
its contents by a small amount, usually 
about 10 deg C, but as little as 0.8 deg 
C in the transition region. The experi- 
ments were then repeated with the 
calorimeter empty. The heat capacity 
of the sample was obtained from the 
difference between smoothed heat ca- 
pacity curves for the calorimeter with 
the sample and for the empty calorim- 
eter. The curves obtained by this 
method asymmetrical, thus 
showing unambiguously that the tran- 
sition is higher than first order. 

For study, a cast TiNi billet was 
prepared at the Naval Ordnance Lab- 
oratory by nonconsumable arc melt- 
ing. The billet was then hot-swaged, 
annealed for 2 hours at 800 °C, and 
cooled overnight at a vacuum of 10°° 
torr. A cylindrical specimen approxi- 
mately 1.0 cm in diameter and 4.5 cm 
long was then ground from the billet. 

Three series of measurements were 
made on the sample. The first ex- 
tended from 128 to 218 °C. The calo- 
rimeter was then allowed to cool to 
room temperature for the second se- 
ries from 25 to 154°C. Following 
this, the calorimeter was again cooled 
to room temperature and a single ex- 
periment was made from 34.9 to 151.0 
°C to obtain the overall heat of transi- 
tion. The calorimeter was again cooled 
for the third series, which extended 
from 40 to 179 °C. 

Analytical representations for heat 
capacity as a function of temperature 
were obtained by fitting theoretical 
equations to the data points using the 
method of least squares. The standard 
deviation of the residuals, that is, the 
differences between individual meas- 
urements and the fitted curves, was 
within 0.13 percent for the empty calo- 
rimeter in the temperature range from 
30 to 145 °C and within 0.14 percent 
for the 145 to 220 °C range. For the 
full calorimeter the standard devia- 
tion figures were within 0.14 percent 


were 


for the range below the transition re- 
gion and within 0.16 percent at tem- 
peratures above this region. 

Values for the heat of transition 
were obtained by two methods: from 
the energy increments of the long- 

continued 
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continued 


range experiment and by calculating 
the area under the curves of observed 


ION CHAMBER 
PROVIDES 


CALIBRATED 
ULTRAVIOLET 
DETECTION 


L. R. Canfield examines a double ion 
chamber prior to its installation in 
experimental apparatus to evaluate its use 
as an ultraviolet detector. 


@ Ultraviolet detectors of spectral 
irradiance—and means for their cali- 
bration—have recently become of in- 
creased importance, particularly in 
space applications. The detector most 
commonly used for spectral measure- 
ments in the extreme ultraviolet is 
a phosphor-sensitized photomultiplier 
which is calibrated using a thermopile 
as a reference. However, disadvan- 
tages have long been known to be as- 
sociated with the comparison calibra- 
tion in that a preliminary study is re- 
quired of the variation in sensitivity 
over the active area of the thermopile, 
and of the variation in the intensity 
through a cross section of the inci- 
dent beam. The thermopile must also 
be corrected for the loss of sensitivity 
due to energy being carried away by 
photoejected electrons. In addition, 
thermopiles lack sufficient sensitivity 
to enable their use on more than a 
very few of the spectral lines that are 
typically available in the laboratory. 
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heat capacities during the transition 
for the second and third series. The 
three values for the heat of transition 
were: second series. 4150 J/mol; 





In a recent study’ aimed at im- 
proving radiometric accuracy in the 


extreme ultraviolet, L. R. Canfield, 
R. G. Johnston, K. Codling, and R. P. 
Madden of the NBS Institute for Basic 
Standards investigated a detector 
based on the photoionization of rare 
gases. 

The use of such an ion chamber for 
absolute radiometry was proposed in 
1964.” It offers relatively simple op- 
eration and sensitivity greatly im- 
proved over that of a calibrated 
thermopile. The detector measures the 
ion current created by the photoion- 
ization of a rare gas by extreme ultra- 
violet photons. The ion current is a 
direct measure of the photon flux. 
The only requirement needed to as- 
sume inherent calibration of such an 
ion chamber is that each absorbed 
photon causes the formation of one 
singly charged ion. The observed ion 
current may then be equated to a spe- 
cific value of spectral irradiance, in- 





single experiment, 3831 J/mol; anc, 
third series, 3375 J/mol. 


‘Anomalous heat capacity of TiNi, by H. » 
Berman, E. D. West, and A. G. Rozner, J. App 
Phys. 38, 4473 (1967). 
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dependent of pressure and absorption 
cross section. In the NBS study a 
comparison was made between a 
thermopile and an ion chamber using 
extreme ultraviolet irradiance of 584 
A and 735 A wavelengths from a vac- 
uum monochromator. The thermopile, 
which had previously been calibrated 
against an NBS standard of total irra- 
diance, was interchanged with the ion 
chamber in a series of measurements 
at each wavelength. The corrections 
previously discussed were applied to 
the thermopile data. 

Argon served as the gas in the 
double-ion chamber. Several argon 
pressures as well as differing light 
source currents were used for each set 
of measurements. 

The results indicated that the ion 
chamber and the calibrated thermo- 
pile are in agreement within the limits 
of estimated experimental error (with- 
in 3 percent). 

This successful comparison greatly 
increases the confidence which can be 
placed in the rare-gas double-ion 
chamber for the determination of ab- 
solute flux levels in the extreme ultra- 
violet. A significant advantage result- 
ing from this increased confidence is 
that any laboratory desiring to deter- 
mine absolute values of spectral irra- 
diance in the spectral region of noble 
gas photoionization may construct 
such a device and perform the deter- 
mination without reference to another 
detector or source of calibration. 


' See, Comparison of an ionization chamber and 
a thermopile as absolute detectors in the extreme 
ultraviolet, by L. R. Canfield, R. G. Johnston, K 
Codling, and R. P. Madden, Appl. Opt. 6, 1886 
(Nov. 1967). 

2 J. A. R. Samson, J. Opt. Soc. Am. 54, 6 
(1964). 
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NBS TO AID NATIONAL CONFERENCE OF 
STATE BUILDING ADMINISTRATORS 


@ The NBS Institute for Applied Technology has agreed 
to provide, primarily through its Building Research Di- 
vision, both technical and secretarial assistance to a pro- 
posed new organization tentatively called the National 
Conference of States on Building Codes and Standards. 
NBS will serve the Conference in a capacity similar to 
that now offered the widely respected National Conference 
on Weights and Measures,’ which was founded 62 years 
ago. 

The establishment of a National Conference of States 
on Building Codes and Standards was approved at a 
meeting held on November 20. 1967, in Madison, Wis.. at 
the invitation of Wisconsin Governor Warren P. Knowles. 
Attending were representatives of 19 States, the build- 
ing industry, the Advisory Commission on Intergovern- 
mental Relations, and the National Bureau of Standards. 
At the next meeting, scheduled for May 1968, delegates 
hope to agree on objectives, organizational structure, and 
procedures of the new Conference. 

The interest of the Bureau in this new organization 
stems from its well-known support of voluntary national 
standards, particularly in the building field. The Bureau’s 
Building Research Division participates through member- 
ship of its staff on the committees of many standards-pro- 
ducing organizations that include the American Concrete 
Institute; National Fire Protection Association; American 
Society of Heating, Refrigerating, and Air-Conditioning 
Engineers; American Society for Testing and Materials: 
United States of America Standards Institute (formerly 
American Standards Association); and others, both do- 
mestic and foreign. 

Much of the building research work at the Bureau is 
directed toward development of test methods, particularly 
those of the performance type, which are necessary to 
assess the specified properties of building materials, com- 
ponents, and systems. One of the most important uses of 
building standards and test evaluation procedures is in 
the improvement of building codes. The Bureau therefore 
extends its interest in standards to the code field and to 
the voluntary standardizing process itself, including the 
relationships among standards that are used in the final 
code documents. 

Much has been written, particularly in recent years, 
about the building code system in the United States where- 
in most county or city code jurisdictions adopt provisions 
of one of the four model codes, usually with modifications 
to suit local customs and political pressures. The present 
system often fails to present a large enough market area 
with uniform requirements to justify the research and pro- 
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motion efforts required to develop better or less expensive 
building systems. By tradition, codes have been of the 
prescription rather than of the performance type. and this 
too has led to difficulty in the acceptance of building inno- 
vations. The Bureau, therefore, is interested in the im- 
provement of national building standards and perform- 
ance evaluating procedures useful to those responsible for 
the promulgation. implementation, and enforcement of 
codes. 

A number of groups are studying and have studied the 
building code problem. One very important study was 
made by the Advisory Commission on Intergovernmental 
Relations, which deals with problems common to different 
levels of government. One of the recommendations of the 
ACIR is that the Federal Government take steps to bring 
about uniformity in its own construction efforts. Several 
ACIR code improvement recommendations dealt with 
actions to be taken by the States. NBS felt that it might 
assist the States by providing a forum for discussion of 
mutual problems and solutions, patterned after the Na- 
tional Conference on Weights and Measures, which has 
served the States and other jurisdictions so very effectively 
over the years. 

On May 25 and 26, 1967, a meeting was held at the 
Bureau with representatives from seven States. Included 
were such people as a State fire marshal, a State archi- 
tect, and a State Commissioner. This somewhat diverse 
group concurred with NBS on the potential usefulness of 
a National Conference of State Building Officials. It was 
agreed that the need and climate existed now for joint 
action involving the solution of building code problems 
within and among the States. and that the solution to such 
problems would, as a byproduct, assist in the develop- 
ment of uniform construction programs. All of those pres- 
ent were enthusiastic in regard to the potential national 
conference, and therefore, at the meeting held in Madison, 
it was decided to proceed with the formal organization of 
the Conference. 

The Conference will be an organization of representa- 
tives of State governments who will control its scope and 
operations. The Bureau will furnish the secretariat and will 
provide, as its resources permit, a research effort directed 
toward solution of code problems brought to it through 
the Conference. The role of NBS in this organization will 
be similar to its role in the National Conference on 
Weights and Measures. Where possible, the Bureau will 
also assist the committees established by the Conference 
in making recommendations on a range of subjects com- 
mon to various State organizations. 

continued 
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The principal contact between the Bureau and the Con- 
ference will be the Codes and Standards Section within 
the NBS Building Research Division. This section is now 
headed by Gene A. Rowland, the former Commissioner of 
Wisconsin’s Department of Industry, Labor, and Human 
Relations. Mr. Rowland brings to the Bureau a wide range 
of experience in the building construction industry and its 
related problems, with particular emphasis on building 
codes. While Commissioner, Mr. Rowland was elected 


continued 


CRYOGENIC TEMPERATURE 
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temporary chairman of the Conference at its Novembu:r 
meeting in Madison. 

The Conference has a great potential for promotin: 
national building standards, through the performance con:- 
cept, and a partnership with the Bureau in developin: 
evaluating techniques. The realization of its full potenti: | 
presents an important challenge to the State leaders in- 
volved and to the Bureau’s Building Research Division. 


' NBS also sponsors and provides the secretariat for the National Confe: - 
ence of Standards Laboratories, an organization of industrial, academic, and 
government laboratories concerned with standards of physical measurement 





for obtaining and determining very 
low temperatures (below 2 K). As its 
paramagnetic susceptibility follows 
the Curie law* down to approximately 
0.006 K, CMN appears well suited for 
thermometric indication based on 
magnetic susceptibility. Previous 
studies on this salt, however, have 
provided a temperature scale that has 
been of somewhat questionable relia- 
bility. This has led R. P. Hudson and 
R. S. Kaeser of the NBS Institute for 
Basic Standards to re-investigate the 
CMN temperature scale.’ Results ob- 
tained in the study disagree with ear- 
lier reported results * but are in reas- 
onable agreement with recent work by 
a different method.° 

In the NBS study, low temperatures 
were obtained by adiabatic demag- 
netization. Temperatures through the 
Curie law range were determined from 
susceptibility measurements made by 
means of a magnetic thermometer in 
which the CMN specimen formed the 
core of a mutual inductance. Induct- 
ance was measured by means of a 
Hartshorn bridge. In the magnetic 
thermometer, inductance between the 
primary and the secondary coils is a 


Absolute temperature 
versus entropy of 
cerous magnesium 
nitrate at cryogenic 
temperatures. The 
full line is a 
smoothed curve of 
raw data (dashed 
line) ; the triangles 
are recent data of 
other workers” 


@ In the last twenty years, studies 
at extremely low temperatures have 
become a major area of research. Ex- 
perimental investigations of super- 
conducting metals, superfluid helium, 
radioactivity, nuclear magnetism. 
semiconductors, and many others are 
being made in this temperature re- 
gion to determine the validity of im- 


78 


portant physical theories. In addition, 
studies of the low-temperature behav- 
ior of materials are becoming increas- 
ingly important in industry and tech- 
nology, and particularly in the space 
program. 

A particular inorganic salt, cerous 
magnesium nitrate, CMN, has been 
gaining widespread use as a medium 


linear function of magnetic suscepti- 
bility. The CMN_ specimen was 
mounted at the top of a low-thermal 
conductivity support within a glass 
vacuum container. The support was 
anchored to the center of a ground- 
glass plug which sealed off the vacuum 
container. This assembly was con- 
tained in a liquid helium Dewar. 
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which in turn was immersed in a 
liquid nitrogen Dewar. 

In the temperature region below 
that at which the Curie law holds, tem- 
perature measurements are made by 
the same experimental procedure but 
are referred to as magnetic tempera- 
tures (T*). These temperatures must 
be converted to absolute temperatures 
by demagnetizations, heating, and cal- 
culations using known thermodynamic 
relationships. In this procedure, the 
entropy at the start of each demagnet- 
ization is determined from kriown 
conditions of temperature and field. 
The demagnetization is then per- 
formed with no change of entropy and 
measured. This 
yields a relationship between the salt 
entropy and magnetic susceptibility. 
Next, heat is added to the salt and the 
temperature rise is measured. This 
yields a relationship between Q, the 
heat added, and T*, the magnetic 
temperature. From these two relation- 
ships the absolute temperature may 
be calculated. 

For heating the specimens after 
cooling, a gamma-ray source was used 
consisting of 250 mCi cobalt-60 in the 
form of 16 cobalt wires placed coax- 
ially about the specimen in a cylin- 





drical brass container. The CMN spec- 
imens were heated at a rate of approx- 
imately 0.0002 joule per minute, 
which is about 50 times greater than 
the natural heat leak. 

Large single crystals of CMN, 
ground to the desired shapes (spheri- 
cal and ellipsoidal), were used in the 
study. The constituent cerous and 
magnesium nitrates were the purest 
commercially available and the CMN 
was further recrystallized several 
times before final growth was initi- 
ated. A quantitative analysis of the 
CMN was obtained for identification 
of those impurities present at the parts 
per million level. 

The study has confirmed the range 
of the Curie law (down to 0.006 K). 
The region of rapid fall-off of entropy 
was found to be at 0.0015 K rather 
than the 0.003 K originally reported.* 
The salt exhibited practically constant 
susceptibility, and hence constant 
magnetic temperature, for all entro- 
pies smaller than 0.38 R; thus, in the 
latter range, magnetic susceptibility is 
no longer a useful thermometric indi- 
cator. 

Specific heat varied as a function of 
(T*)~° for magnetic temperatures 
greater than 0.006 K. There 


was 


found, however, anomalous behavior 
above 0.03 K. Here, there was a de- 
parture from the linear dependence of 
mutual inductance on time for con- 
tinuous gamma irradiation, indicating 
the appearance of an additional heat 
capacity. This anomaly is unex- 
plained, but is apparently nonmag- 
netic in origin. 

A particularly intriguing feature of 
the properties of CMN has appeared 
in research employing as a magnetic 
thermometer cylindrical specimens of 
the salt made from compressed pow- 
der.’ Strong, if indirect, indications 
were obtained that such specimens ex- 
hibit Curie law behavior right down 
to 0.002 K. Perhaps it will be possible 
to explain this behavior in terms of 
the particular shape of the specimens 
and the extreme magnetic anisotropy 
of CMN, but further research will be 
required to elucidate this. 

The Curie law may be stated as x= :, 
x is the magnetic susceptibility, T is the absolute 
temperature, and C is the Curie constant. 

_' For further details, see Cerous magnesium 
nitrate: A magnetic temperature scale 0.002- 
2 °K, by R. P. Hudson and R. S. Kaeser, Physics 3, 
No. 2, 95-113 (1967). 

“J..M. Daniels and F. N. H 
Mag. 44, 630 (1953). 

R. B. Frankel, D. A. Shirley, and N. J. Stone 
Phys. Rev. 140, A1020 (1965); 143, 334 (1966) 


‘W. R. Abel, A. C. Anderson, W. C. Black, and 
J. C. Wheatley, Physics 1, No. 6, 337-387 (1965) 
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RESEARCH ASSOCIATE COMPLETES ASSIGNMENT 


AT NBS 


Allen V. Astin, NBS Director, presents a 
Certificate of Appreciation to Carl F. 
Shelton, as (from left to right) Alvin 

McNish, Frank Studer, and Louis 
Barbrow, look on. Mr. Shelton, under 
sponsorship of IBM Corp., has just 
completed a one-year Research 

Associate Program at the Bureau. The 
citation on the certificate which he 
received on January 4, 1968, reads: 

“. . . for his contribution to knowledge 
of the spectral emission characteristics of 
NBS Standard Reference Phosphors, and 
to a better understanding of the effects 
of ultraviolet excitation on these 
phosphors.” 
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Apparatus to detect particle contamination 
in liquids with a laser beam. The 
photomultiplier detector and parabolic 
mirror are at the left (inside box). On 

the right (outside box) is the laser source. 
The bright, vertical line between the mirror 
and detector is the laser beam scattered by 
suspended particles in the test solution. 


@ A laser light scattering apparatus 
constructed at the National Bureau 
of Standards provides a rapid and 
convenient, yet highly sensitive, meth- 
od for determining extremely small 
concentrations of solid particles sus- 
pended in liquids. The method should 
be of broad utility in such fields as 
water and air pollution, medical and 
bacteriological research, particle-free 
lubrication, and manufacturing proc- 
ess control in microminiaturization. 
The work was described in a paper,’ 
by D. H. Freeman and E. C. Kuehner 
of the NBS Institute for Materials Re- 
search, presented on February 2, 1968, 
before the New York Academy of Sci- 
ences at a Conference on Liquid- 
Borne Particle Metrology. 

While the laser scattering technique 
is applicable to a number of fields, 
it was devised primarily to solve prob- 
lems that have arisen in analytical 
chemistry. In the past several years, 
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LASER 


used 
to 
detect 


small particles in liquids 


analytical chemical measurements 
have become sensitive to the effects of 
extremely small quantities of chemical 
contamination. One of the more diffi- 
cult problems has been the presence 
in liquids of solid particles that are 
not large enough to be removed by 
conventional filters and whose concen- 
tration is below the level of detection 
by the usual methods of measurement. 
Typically the size of the suspended 
particle is less than a thousandth of a 
centimeter. Elaborate and cumber- 
some apparatus and techniques have 
been required to detect such particles 
in the small concentrations that are 
often troublesome. The NBS scientists 
therefore set out to build an apparatus 
for this purpose that would not re- 
quire much time for operation and 
maintenance. 

The use of a laser for particle con- 
tamination measurement is based 
upon the fact that such small particles 


are a billion times more effective in 
scattering light than are the liquids in 
which they are suspended. The laser 
has the important advantage of pro- 
viding a very highly concentrated 
beam of light, making feasible the 
use of small sample volumes and a 
relatively simple detection device such 
as a photomultiplier. 

The apparatus uses an optical train 
to pass a beam from a continuous- 
wave helium-neon laser through the 
central axis of a glass tube holding 
the liquid sample. A photomultiplier 
tube placed to one side of the sample 
tube measures light scattered perpen- 
dicularly away from the beam path. 
A concave mirror on the opposite side 
of the sample tube is used to help 
return back-scattered light toward the 
photomultiplier detector. 

To calibrate the apparatus a series 
of standard solutions was prepared in 
which the weight concentration of 
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Before a solution suspected of being 
contaminated is actually measured for 
particle contamination, a quick visual test 
may be made by passing a laser beam 
through the solution. If light scattering is 
evident, as in this case, then the NBS 
technique for measuring the amount of 
contamination is employed. This sample of 
a water-latex suspension was found to 
contain 10 ppm of polystyrene latex 


suspended particles was known. From 
the measured light scattering of the 
solutions of known concentration, it 
was possible to estimate the corre- 
sponding particle concentration in 
various samples. 

The method was found to be so sen- 
sitive that concentrations correspond- 
ing to the ultimate limit of light scat- 
tering were readily obtained. For 
practical purposes this concentration 
is a few hundred particles per milli- 
liter, or one part by weight of par- 
ticles to a billion parts by weight of 
the liquid. 

The results of a survey of various 
liquids demonstrated that the method 
is broadly suited to the study of par- 
ticulate contamination. For example, 
it readily distinguishes between the 
particle concentrations by weight in 
distilled water (0.000 000 1 percent). 
in drinking water (0.000 002 0 per- 
cent), and in river water or tidal estu- 
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Metered amounts of 
air-borne dust are 
trapped by passing the 
air into pure water, 
which is then measured 
using the laser light 
scattering technique. 


particles. 


ary water (0.000 01 percent). Micro- 
filters are available for removing trace 
quantities of particles, although no 
simple test of their efficacy has been 
made. In the present study it was 
found that such filters tend to be con- 
taminated and are not effective until 
this contamination is removed. 

After a routine procedure had been 
developed for these measurements it 
was possible to show that the laser 
technique has application to problems 
in a wide variety of areas. For exam- 
ple, although it provides no direct way 
of determining particulate contamina- 
tion in solid materials, the solids may 
be dissolved in suitable liquids and 
the concentration of undissolved par- 
ticles then measured. In a number of 
instances the contamination of such 
chemicals was found large enough for 
serious concern. The simple error of 
leaving an open vessel exposed to the 
laboratory air was found to cause a 





significant increase in particle con- 
tamination. 

The observed fallout of particles 
from the laboratory air suggested the 
use of the method to measure the con- 
centration of atmospheric dust. Meas- 
ured volumes of air were slowly bub- 
bled through a liquid so that all the 
atmospheric dust was trapped. This 
made possible a measurement of the 
amount of dust per unit mass of air, 
and that sample of the air was found 
to be five times as contaminated with 
dust as ordinary tap water. This meas- 
urement suggests the desirability of 
directly measuring the residual air 
pollution in atmospheres that have 
already been carefully screened to 
remove the suspended particle con- 
tamination. 


‘Laser detection of small particules in liquids 
by D. H. Freeman and E. C. Kuehner, presented 
before the Conference on Liquid-Borne Particle 
Metrology, New York, N.Y., Feb. 1-2, 1968. To 
be published in Liquid-Borne Particle Metrology 
Ann. N.Y. Acad. Sci 
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CALIBRATION SERVICE FOR NONREFLECTING 
WAVEGUIDE PORTS 


The Radio Standards Laboratory (Boulder, Colo.) of 
the NBS Institute for Basic Standards announces a cali- 
bration service for the evaluation of nonreflecting wave- 
guide ports, including “matched loads.” The frequency 
coverage of the service is continuous from 2.6 GHz to 18.0 
GHz and includes six waveguide sizes: WR284. WR187. 
WR137, WR112, WR90, and WRO2. 

The term nonreflecting as used here indicates that the 
waveguide port has been designed or adjusted with the 
intent to produce a reflection coefficient magnitude, | T 
equal to zero. Although most waveguide ports for such 
applications cannot produce a reflection coefficient magni- 
tude identically equal to zero, their reflection coefficient 
magnitudes often approach zero very closely. Useful infor- 
mation is gained by evaluating the extent to which this 
is accomplished. There are many applications in the lab- 
oratory for nonreflecting waveguide ports, including the 
termination commonly referred to as a “matched load.” 

Considerable care must be exercised in the use of non- 
reflecting waveguide ports by keeping the mating connec- 
tor flange surfaces smooth and clean beyond that of usual 
practice. Accurate alinement of the interior surfaces of the 
joining waveguides at the flange junction also is very im- 
portant. The back of the flange which makes contact with 
the connecting bolts should be nominally flat and free of 
soft materials, including paint. These precautions must be 
observed when using a nonreflecting waveguide port in a 
precision measurement system. 

Nonreflecting waveguide ports can be measured with 
an uncertainty of +(0.000 13+0.0032 | T |), where 

Tr | is the numerical value of the measured magnitude. 
The present reflection calibration system can be used to 
measure reflection coefficient magnitude as small as 0.0001 
with the above uncertainty. 

Reflections may be introduced in a measuring system 
by misalinement of a nonreflecting waveguide port or by 
foreign matter and mechanical imperfections at the flange 
junction, and the uncertainty of calibration can be ex- 
ceeded if precautions are not taken. 


STANDARDS LABORATORIES TO MEET 
IN AUGUST 


The 1968 Standards Laboratory Conference will be 
held August 26-29 at the Boulder Laboratories of the 
National Bureau of Standards. As in the past, the con- 
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STANDARDS AND CALIBRATION — 


ference is being sponsored and presented by the National 
Conference of Standards Laboratories (NCSL). 

NCSL is a nonprofit laboratory-oriented organization 
to promote cooperative efforts toward solving the common 
problems faced by standards laboratories in their orga- 
nization and operation. It was established in 1961 under 
sponsorship of the National Bureau of Standards. Its 
membership consists of academic, scientific, industrial, 
commercial, or governmental laboratories concerned with 
the measurement of physical quantities, the calibration of 
standards and instruments, and the development of 
standards of laboratory practice. It also provides liaison 
with technical societies, trade associations, and educa- 
tional institutions interested in these activities. 

General theme of the conference this year will be: Mak- 
ing Valuable Measurements. FE. J. Arsenault of the General 
Electric Company (Philadelphia, Pa.) is Conference Co- 
ordinator; and the technical program is being organized 
by J. L. Hayes, Metrology Engineering Center, Naval Plant 
Representative, 1675 West Fifth Ave., P.O. Box 2507, 
Pomona, Calif. 91766. General questions about conference 
arrangements should be directed to George Goulette, Uni- 
versity of Colorado, 328 University Memorial Center, 
Boulder, Colo. 80302. 


IMPROVED CALIBRATION ACCURACY FOR 
COAXIAL IMPEDANCE (1-8 GHz) 


Accuracies of impedance measurements in coaxial-line 
systems have been improved significantly in recent years ! 
by the Radio Standards Laboratory (Boulder, Colo.) of 
the NBS Institute for Basic Standards, and others. This 
improvement came primarily from the development of 
precision coaxial-line standards and precision coaxial con- 
nectors.” These developments have in turn contributed 
toward improving measurement capabilities of coaxial 
slotted-line systems to the extent that very accurate meas- 
urements are now possible. Errors originally introduced 
by structural defects of slotted lines have been minimized 
by the use of precision made, coaxial slotted lines. Refine- 
ments in measurement technique have helped, in part, to 
reduce some systematic errors. 

These improvements, along with other good practices, 
make the measurement possible of VSWR ( Voltage Stand- 
ing Wave Ratio) up to 8 GHz with an uncertainty in the 
range of 0.1 to 1 percent. The phase of the reflection- 
coefficient magnitude can be measured with an uncer- 
tainty ranging from 0.1 degree to approximately 1 degree. 
These uncertainties apply for coaxial impedance stand- 
ards equipped with the 14-mm precision coaxial connector, 
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where 1 = VSWR = 2, referred to 50 ohms. Coaxial 
impedance standards equipped with other than precision 
connectors and having higher VSWR’s can also be meas- 
ured, but with reduced accuracy. 

Error equations, derived by W. E. Little.’ were used to 
determine the uncertainty in measurement of VSWR and 
phase angle as a function of the errors due to: 

(a) Residual VSWR 

(hb) Probe instability 

(c) Detector insensitivity 

(d) Inability to determine the voltage minimum of the 

standing-wave pattern 

(e) Generator frequency and power instabilities. 

To verify the measurements made on the slotted-line 
system, an intercomparison was made of VSWR’s (1.04 to 
2.0) of transfer standards measured by slotted-line tech- 
niques and by a tuned reflectometer. Maximum differences 
between measurements on the slotted line and the tuned 
reflectometer were less than 0.2 percent at 4 GHz and less 
than 0.4 percent at 6 GHz. 


CALIBRATION SERVICE FOR MICROWAVE POWER 
IN WR284 WAVEGUIDE (2.60-3.95 GHz) 


The Radio Standards Laboratory (Boulder, Colo.) of 
the NBS Institute for Basic Standards announces a calibra- 
tion service for the measurement of effective efficiency 
and calibration factor of bolometer units and bolometer- 
coupler units in WR284 waveguide. Although calibrations 
can be performed at any frequency in the recommended 
range of the waveguide (2.60-3.95 GHz), it is more eco- 
nomical to the customer if calibrations are performed at 
the suggested * frequencies of 2.85, 3.25, and 3.55 GHz. 

Interlaboratory standards consisting of bolometer units 
and bolometer-coupler units calibrated at NBS form the 
principal link to the NBS Reference Standards of micro- 
wave power. These calibrated bolometric units are then 
used to calibrate other power measuring devices in various 
standards laboratories; they can also serve as a check 
upon the operation of power measuring systems. 

The quantities measured in these services have the fol- 
lowing definitions: ° 

Effective efficiency of bolometer units: The ratio of the 
substituted d-c power in the bolometer unit to the micro- 
wave power dissipated within the bolometer unit. 

Calibration factor of bolometer units: The ratio of the 
substituted d-c power in the bolometer unit to the micro- 
wave power incident upon the bolometer unit. 

Calibration factor of bolometer-coupler units: The ratio 
of the substituted d-c power in the bolometer unit on the 
side arm of the directional coupler to the microwave power 
incident upon a nonreflecting load attached to the output 
port of the main arm. 

Because of certain limitations in adapting the micro- 
calorimeter to the measurement of power in larger wave- 
guide sizes, the effective efficiency and calibration factor 
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of bolometer units in WR284 waveguide are measured 
somewhat indirectly, using a working standard that has 
been calibrated by the impedance method.* ** The im- 
pedance technique yields a direct measurement of the 
efficiency of a bolometer unit, which is defined as the 
ratio of the microwave power absorbed by the bolometer 
element to the microwave power dissipated within the 
bolometer unit. However, this efficiency measurement usu- 
ally is of special interest only. The efficiency of the spe- 
cially designed working standard, which has been meas- 
ured. by the impedance method, can be converted into 
effective efficiency by taking into account the de-rf sub- 
stitution error.": '° The effective efficiency determined for 
the working standards then can be used as a basis for 
measuring the effective efficiency and calibration factor 
of other bolometer units and bolometer-coupler units 
having either barretter or thermistor elements. 

The effective efficiency of a bolometer unit in WR2& 
waveguide can be measured with limits of uncertainty 
equal to +1.2 percent. In determining the calibration 
factor of a bolometer unit, the reflection coefficient of the 
bolometer unit being calibrated must be taken into ac- 
count. With a reflection coefficient of 0.2, limits of uncer- 
tainty for the calibration factor are 1.6 percent. If the 
reflection coefficient is nearly zero, the limits of uncer- 
tainty for the calibration factor of a bolometer unit are 
again + 1.2 percent. For each of these measurements, the 
bolometer element can be of either the barretter or therm- 
istor type having a normal operating resistance of either 
100 or 200 ohms at a bias current in the range 3.5 to 
15 mA. Bolometer units of either the fixed-tuned or un- 
tuned broadband type are acceptable for calibration. 
Power measurements on bolometer units normally are 
made at a power level of 10 milliwatts. 

The calibration factor of bolometer-coupler units can 
be measured in WR284 waveguide with limits of uncer- 
tainty equal to +1.1 percent. Bolometer units of either 
the fixed-tuned or untuned broadband type must be per- 
manently attached to the side arm of the directional 
coupler. The coupling ratio can range from 3 to 20 dB. 
The coupler should have a directivity of no less than 
10 dB and a VSWR no greater than 1.05 at the input and 
ouput ports of the main arm of the coupler. The calibra- 
tion factor of bolometer-coupler units normally is meas- 
ured at a power level of 10 milliwatts for a coupling ratio 
of 3 dB, 1 milliwatt for a coupling ratio of 10 dB, and 0.1 
milliwatt for a coupling ratio of 20 dB. 


STANDARD FREQUENCY AND TIME BROADCASTS 


WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WWVH—2.5. 5.0, 10.0. and 15.0 MHz 
WW VB—60 kHz 


Radio stations WWV (Fort Collins, Colo.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
continued on p. 89 
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STAN DARD 
REFERENCE 
MATERIALS 


Standard Reference Materials are well-characterized ma- 
terials disseminated by NBS to be used in calibrating and 
evaluating measuring instruments, methods, and systems 
or to produce scientific data that can be referred readily to 
a common base. These materials are certified for chemical 
composition or for a particular physical or chemical prop- 
erty. They are used on-site in science and industry for cali- 
brating the instruments and methods used for production 
and quality control of raw materials, chemicals, metals, 
ceramics, fuels, and radioactive nuclides in manufacturing 
processes and in research. This column regularly reports 
on the issuance of new and renewal Standard Reference 
Materials and on latest developments in the Standard Ref- 
erence Materials Program.' 


CHROMIUM STEEL STANDARD 


A new chromium steel standard, containing | percent 
nominally of carbon, manganese, and chromium, has re- 
cently become available. Designated NBS Standard No. 
163, it is sized between 25 and 60 mesh sieves and issued in 
100 g units. This standard was prepared primarily for use 
in the steel industry for standardizing chemical methods 
of analysis. It is useful for both production control and 
customer acceptance tests. The price is $35 per unit.° 

NBS Standard No. 163 was prepared by a pre-alloyed 
powder metallurgical process which included argon atomi- 
zation and hydrogen annealing. It is the first ferrous-base 
standard to be prepared by this process. 

An extensive investigation has been made of its homo- 
geneity, and particle size and shape distribution. The 
homogeneity in the final product was found to be entirely 
acceptable. In general, the change from the usual chip 
samples to the spherical shape does not seem to pose 
problems for most analysts. In fact, after working with 
the powdered material, some laboratories prefer it to the 
chip form. 

Because of the nature of this new standard, a compre- 
hensive program of certification was performed at NBS 
and at 12 cooperating laboratories. The standard is issued 
with a final Certificate of Analysis covering its content 
of carbon, manganese, phosphorus, sulfur, silicon, copper. 
nickel, chromium, molybdenum, and nitrogen. 

The powder metallurgical approach for the prepara- 
tion of certain metal standard reference materials offers 
important advantages over the usual mode of preparation. 
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For example, the process is capable of producing a highly 
homogeneous material. In addition, significant produc- 
tion savings should be forthcoming, once the process be- 
comes routine. With conventional methods of preparing 
standards in chip form, the starting material is melted in 
a furnace, cast into an ingot, fabricated into round billets, 
and then chipped with machine tools. The pre-alloyed 
powder approach used for Standard No. 163 eliminates 
these intermediate steps with consequent substantial sav- 
ings. For materials that are especially difficult to machine 
into chip form, such as some grades of stainless steel, this 
approach should provide even greater savings, in both time 
and money. 


ZINC OXIDE 


Zinc oxide is used on a worldwide basis by the rubber 
and carbon black industries as an activator in the produc- 
tion of rubber products. 

Rubber recipes are evaluated by preparing a vulcanizate 
and subjecting it to certain tests. For these evaluations. 
not only the rubber and sulfur, but also the activator, the 
accelerator, and the filler must react in a known way to 
processing conditions. 

The NBS Standard Reference Materials for the rubber 
industry include both rubbers and compounding ingredi- 
ents of which zinc oxide, NBS Standard No. 370, is one. 
The stock of this compound had been exhausted. The 
renewal lot, NBS No. 370d, is now available and may be 
purchased in units of four 2000-gram cans.° 

This material is of exceptional purity, produced to 
specifications that yield a product of uniform surface area 
from particle to particle. The chemical and physical prop- 
erties of No. 370d resemble very closely those of its prede- 
cessor, No. 370c, and its action as an activator is very 
similar to that of No. 370c. 


CARBON-14 LABELED SUGARS AND RARE SUGARS 


The prices of a number of the carbon-14 labeled sugars 
available from the NBS Office of Standard Reference 
Materials have recently been reduced. These carbohy- 
drate research materials were synthesized in NBS labora- 
tories by H. S. Isbell and his associates. The accompanying 
table lists the name of each compound available, the num- 
ber of microcuries of activity per package, the NBS stand- 
ard number, and the price.” 
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Terminal Carbon-14 Sugars 


Interior Carbon-14 Sugars 


NBS NBS 
No. Kind Price No. Kind Price 
CARBON-14 1526 p-Arabinose-1-;200 uCi $150 | 1551 D-Arabinose-5- ;120 xCi_ $150 
LABELED SUGARS?” 3 60 wCi 58 ; 40 wCi 62 
1527 .-Arabinose-1- ;200 uCi 150 1552 p-Galactose-2 - 80 nCi 
; i ’ 2- 3 8pCi 140 
5 60 uCi 58 ; 25 pCi 56 
1528 p-Galactose-1- ;300 »Ci 150 4 
3100 pCi 62 | 1553 p-Glucose-2- ; 80 pCi 140 
5 25 pCi 56 
1529 p-Galactitol-1- ;200 uCi 150 
; 60 2Ci 58 | 1554 p-Glucose-6- 3200 wCi 150 
1530 p-Glucose-I- ;300 wCi 150 ae 
3100 uCi 62 | 1555 p-Glucurone-6- ;200uCi 150 
1531 p-Glucitol-1- ;200 uCi 150 ; 60 wCi 58 
3 60 wCi 58 
1532 Lactose-1- 5120 wCi To een ne ae ceed 
3 40 uCi 62 : 60 wCi 58 
1533 p-Lyxose-l- ;200 Ci 150 
: 60 pCi 58 | 1557 p-Xylose-2- ; 80 4Ci 140 
1534 Maltose-I- —_;120 wCi 150 ere 
ee 62 | 1558 Dextran; NRC-1 150 ¢Ci 60 
1535 p-Mannose-l- ;300 uCi 150 
e ; 9 
me 62 | 1559 Dextran; NRC-2B;150 uCi 60 
1536 p-Mannonic-1-(Lactone) 
100 pi 62 | 1560 Dextran; NRC-3 ;150 pCi 60 
1537 p-Mannitol-l- ;200 uCi 150 
: 60 uCi 58 | 1561 Dextran; NRC-4 ;150 pCi 60 
1538 1-Rhamnose-1-;120 pCi 150 ; ‘ 
40 uCi 62 1562 Inulin 3500 uCi 60 
1539 p-Ribose-l- ; 60 Ci 58 
1540 p-Xylose-l- 3150 yCi 150 
: 50 uCi 62 


The specific radioactivity of each compound offered is 
supplied the user; each is in the range of 1-9 »Ci per mg, 
except for the dextrans for which the activity ranges to 
as low as 0.2 »Ci per mg because of their high molecular 
weights. The labeled compounds are purified and re- 
checked for radiochemical purity before shipment. 

Four nonradioactive carbohydrates are also being made 
available as standard reference materials. They are rare 
compounds that are not available from commercial sources. 

NBS Standard No. 1591, 1,2-0-Isopropylidene-B-L- 
[dofuranose, from which the rare, somewhat unstable 
hexose, L-idose, can be easily obtained, is available in 
quantities of 15 mg units. This standard is priced at $30 
per unit. NBS Standard No. 1592, 2,3-0-lsopropylidene- 
8-D-threo-Pentulose (“monoacetone-p-xylulose”) is a 
stable crystalline derivative, which can be readily con- 
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verted into “p-xylulose,” and is available in a package con- 
taining 50 mg for $30. NBS Standard No. 1593, levo- 
Inositol, and NBS No. 1594, Quebrachitol (a monomethy] 
ether of /evo-inositol), are also available. These standards 
are sold for $30 each. NBS No. 1593 weighs 0.25 gram and 
NBS No. 1594 weighs 0.5 gram. 

Two other interesting compounds that will shortly be 
made available are 1,2:3,4-di-O-isopropylidene-D-erythro- 
pentulofuranose (“diacetone-p-ribulose”) and 1,2:4,5-di- 
O-isopropylidene-p-ribo-hexulose (“diacetone-D-psicose” ) . 


1 For a complete list of Standard Reference Materials available from NBS 
see Standard Reference Materials: Catalog and Price List of Standard Ma- 
terials Issued by the National Bureau of Standards, NBS Misc. Publ. 260 
(1968 edition), for sale by the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C. 20402, for 45 cents. Quarterly insert 
sheets which update Misc. Publ. 260 are supplied on request 

“ These standards may be purchased from the Office of Standard Reference 
Materials, National Bureau of Standards, Washington, D.C. 20234. 
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This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the Presi- 
dent’s Office of Science and Technology to make critically 
evaluated data in the physical sciences available to science 
and technology on a national basis. The System is admin- 
istered and coordinated by the National Bureau of Stand- 
ards through the NBS Office of Standard Reference Data, 
located in the Administration Building at the NBS 
Gaithersburg Laboratories. 


The Document Image Code System 


Part of the program of the NBS Office of Standard 
Reference Data is the development of a General Purpose 
Scientific Document Image Code (GPSDIC) system. The 
purpose of a GPSDIC system is to relieve the scientist of 
the chore of changing his notations to meet arbitrary re- 
straints imposed by machine processing. Such a system 
has been designed and is currently under development at 
the Bureau. The design and development of this system is 
being carried out by Blanton C. Duncan and David Garvin 
of the Bureau’s Physical Chemistry Division in conjunc- 
tion with the Chemical Thermodynamic Data Group and 
the Chemical Kinetics Information Center, both of which 
are at NBS. As designed, the system permits a scientific 
typescript, with all its complex symbolism and highly 
structured page format, to be transferred to digital machine 
form with virtually no limitations on the notations 
employed. 

The system was designed to assure broad applicability 
by emphasizing: (a) exchange of information via tele- 
communications devices compatible with the USA Stand- 
ard Code for Information Interchange (USASCII). (b) 
design of hardware to permit the use of the proven skills 
of ordinary scientific typists in the record capture process, 
(c) exploitation of the capabilities of commercially avail- 
able extended character high-speed line printers for direct 
computer output, and (d) publication using this type of 
machine record as the “typescript” input to computerized 
typesetting programs. 


A significant portion of the system is in daily use 
utilizing computer programs for the input, editing, and 
retrieval of records. Such use indicated a need for cer- 
tain design adjustments, and these have been made. The 
current effort is directed toward producing the basic de- 
tailed descriptive documentation required as part of the 
specifications in hardware and software procurement. 

Because of space limitations, and the fact that parts 
of the system have been described earlier, a detailed ex- 
planation of this system cannot be given here. However. 
an overall view of the kinds of notational complexity the 
system is able to handle should be of interest. 

The six accompanying design drawings are being used 
to specify typefaces for a computer printer to be installed 
shortly at the Bureau. These drawings involve more than 
the particular specification of a computer printer. They 
relate to the specification of a class of devices collectively 
described as General Purpose Scientific Document Writers 
(GPSDW). 

A GPSDW is any output device capable of producing 
documents at the level of symbolic complexity found in 
typescripts produced by sciertific typists who may over- 
strike, space by half lines, end use auxiliary typefaces. 
Besides a typewriter, it may be a line printer, an x-y 
plotter, a cathode ray display, or any other suitable equip- 
ment. An upper boundary of necessary capability lies 
somewhere between the ability to produce diagrams such 
as structural formulas from organic chemistry and the 
ability to produce smooth curves representing mathemati- 
cal functions. A pragmatic test is whether or not a com- 
petent scientific typist could produce the same result. 

A typescript page can be viewed as a rectangular array 
of points. These points are half-spaced vertically (the y- 
coordinate) and single-spaced horizontally (the x-coordi- 
nate). The illustrations that follow show how the concept 
is applied in detail. Figures 1 and 2 show simple symbols, 
which are the result of striking a single typeface at an 
x-y coordinate. A composite symbol is the result of striking 
two typefaces at the same x-y coordinate. Figure 3 shows 
part of the set of composite symbols already defined in 

continued 
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GPSDIC. The binary code employed in GPSDIC permits 
assignments of up to two, but no more than two, simple 
symbols to a particular x-y coordinate. Figures 4, 5, and 
6 are large-scaie illustrations of some of the complex nota- 
tions that can be handled routinely by this system. 

With GPSDIC, 244 simple symbols may be specified: 
however, a restriction to 188 has been established to retain 
adequate compatibility with USASCII. The 94 symbols in 
Figure 1] are the defined USASCII symbols. USASCII also 
defines the format effecting control code shift out (SO) 
and shift in (SI). These codes are provided for the pur- 
pose of causing the interchange between the defined set 
of symbols and a secondary set of 94. USASCII leaves the 
specification of such secondary sets to mutual agreement 
among users who wish to implement the shift-out provi- 


sion. The set specified for GPSDIC is given in Figure 2. 


continued 


Updating Photonuclear Data Index 


Supplement No. 1 to NBS Miscellaneous Publication 
277, Photonuclear Data Index, was published October 1, 
1967. This Supplement primarily covers data published 
in the period from January 1965 through April 1967. In 
addition, it also corrects and gives the complete index en- 
try for a number of reactions for which only partial entries 
were available at the time of publication of the original 
Photonuclear Data Index. 

Taken together, Miscellaneous Publication 277 ' (April 
1966, 55 cents) and its Supplement’ (October 1967, 45 
cents) form a complete annotated bibliography and index 
to experimental data published in the field of photonuclear 
reactions in the period from January 1955 through April 
1967. Organized by element and isotope, each entry in 
the index supplies quantitative information for a specific 
reaction on the ranges of excitation energy, source energy, 
detected particle energy, and emission angles for products 
in each reference. Information is also given on the type 
of measurement and detector used. 

It is planned to issue supplements to the Photonuclear 
Data Index at about 20-month intervals. Future issues will 
contain cumulative entries. This will continue until a given 
supplement covers the data published over a five- or ten- 
year period. At that time a new cumulative supplement 
will be started. It is hoped that this will prevent the Index 
and its supplements from becoming unwieldly. 


Selected Values of Chemical Thermodynamic 
Properties 

Selected Values of Chemical Thermodynamic Proper- 
ties, Tables for the First Thirty-Four Elements in the 
Standard Order of Arrangement, Technical Note 270-3 ' 
($1.25). contains material prepared as a revision of the 
tables of Series I of NBS Circular 500, Selected Values of 
Chemical Thermodynamic Properties. This Technical Note 
supersedes Technical Notes 270-1 and 270-2, containing 
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all their tables, including corrections, as well as extendin x 
the number of compounds covered. Compounds of the fo - 
lowing elements are covered: oxygen, hydrogen, heliun . 
neon, argon, krypton, xenon, radon, fluorine, chlorine 
bromine, iodine, astatine, sulfur, selenium. tellurium 
polonium, nitrogen, phosphorus, arsenic, antimony, bis 
muth, carbon, silicon, germanium, tin, lead, boron, alumi 
num, gallium, indium, thallium, zinc, and cadmium. The 
tables contain values of the enthalpy and Gibbs energy o 
formation; enthalpy, entropy, and heat capacity at 298.15, 
K (25 °C); and the enthalpy of formation at 0 K, for al 
inorganic substances and organic molecules having no 
more than two carbon atoms. 

As additional revised tables are completed, they will be 
published in the Technical Note 270 Series because of the 
urgent need for the data. After all the tables have been 
revised, they will be combined with a description of the 
evaluation process and a listing of the sources of the data 
into a single publication which will be part of the NSRDS 
Series of critically evaluated compilations. 

The authors of Technical Note 270-3 are D. D. Wag- 
man, W. H. Evans, V. B. Parker, I. Halow, S. M. Bailey. 
and R. H. Schumm. 


International Cooperation in 
Standard Reference Data Projects 


Individual standard reference data activities are leading 
to an increasing number of international projects. Several 
projects begun unilaterally have become recognized as 
bases for international cooperation. An example is the 
excellent reception which the recent Madrid Conference 
on Molecular Spectroscopy gave to the recommendations 
presented by Norman Jones and Richard Lord on appli- 
cations of computers to digitization, storage, and retrieval 
of spectral data. The presentation was derived from con- 
clusions reached previously at the ad hoc Conference on 
Computer Utilization in Spectroscopy, organized for the 
Office of Standard Reference Data by the National Acad- 
emy of Sciences-National Research Council. These recom- 
mendations provided the basis for a voluntary set of con- 
tributions and eventual exchange of high-quality infrared 
spectra. The criteria for the evaluation of infrared spectra 
developed by the Board of Managers of the Coblentz So- 
ciety for the Office of Standard Reference Data provide a 
tentative definition of quality standards to be observed. 
A second international project arises out of the Tables of 
Bimolecular Gas Phase Kinetic Data which Aubrey F. 
Trotman-Dickenson has prepared under an NBS contract. 
Professor Trotman-Dickenson’s future updatings of this 
work will be sponsored by the British Office of Scientific 
and Technical Information. 


‘ Available from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402, for the price indicated. 
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STANDARDS AND CALIBRATION 


continued 


agreement with the UT2 scale by making step adjustments 
of 100 ms as necessary. Each pulse indicates that the earth 
has rotated approximately 15 arcseconds about its axis 
since the previous one. Adjustments are made at 0000 UT 
on the first day of a month. There will be no adjustment 
made on May 1, 1968. The pulses occur at intervals that 
are longer than one second by 300 parts in 10’ due to an 
offset in carrier frequency coordinated by the Bureau Inter- 
national de ’Heure (BIH), Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
seconds pulses derived from the NBS Time Standard 
(NBS-III) with no offset. Step adjustments of 200 ms 
are made at 0000 UT on the first day of a month when 
necessary. BIH announces when such adjustments should 
be made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be an adjustment made on 





NBS TO HOST 
TWO CONFERENCES 
IN MAY 


ACM Technical Symposium 


The Bureau is joining with the Washington, D.C., chap- 
ter of the Association for Computing Machinery in spon- 
soring the 7th Annual Technical Symposium, having as its 
theme “The Technology Gap.” The sessions will be held 
May 16, 1968, at the Bureau’s Gaithersburg (Md.) facili- 
ties under the chairmanship of G. Richard Reed (of the 
Naval Command Systems Support Activity). Program co- 
chairmen are Kenneth Joseph (National Aeronautics and 
Space Administration) and Richard Coles (Orchard-Hays 
& Co., Inc.). 

The Symposium will open with a keynote address by 
H. R. J. Grosch, Director of the Bureau’s Center for Com- 
puter Sciences and Technology. The first session will con- 
sist of a panel discussion of the present technology gap. 
Following this, the attendees will be offered choices among 
concurrent sessions devoted to such areas as: the use of 
on-line computers, the social implications of computers. 
program documentation, standards applicable to instruc- 
tion in computer techniques, and numerical analysis. 

Members of the ACM are urged to attend, as are others 
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May 1, 1968. The seconds pulses emitted from WWVB will 
be retarded 200 ms. 


* Impedance measurements in coaxial waveguide systems, by R. L. Jesch 
and R. M. Jickling, Proc. IEEE 55, 912-923 (1967). 

* Standardization of precision coaxial connectors, by B. O. Weinschel, 
Proc. IEEE 55, 923-930 (1967) 

* Unpublished paper. 

‘In performing microwave calibrations, a considerable amount of time 
usually is needed to prepare the system for operation. Much of this prepara- 
tion is related to adjustment of the system to the frequency selected for the 
calibration. Time and cost often can be reduced by minimizing the number of 
times the operating frequency of the calibration system must be readjusted 

* Bolometric microwave power calibration techniques at the National Bu- 
reau of Standards, by R. F. Desch and R. E. Larson, IEEE Trans. Instr. Meas 
IM-12, No. 1, 29-33 (1963). 

* Determination of efficiency of microwave bolometer mounts from im- 
pedance data, by D. M. Kerns, J. Res. NBS 42, 579-585 (1949) 

* An improved method of measuring efficiencies of ultrahigh-frequency and 


microwave bolometer mounts, by R. W. Beatty and F. Reggia, J. Res. NBS 54, 
321-327 (1955). 


*A bolometer mount efficiency measurement technique, by G. F. Engen, 
J. Res. NBS 65C, 113-124 (1961). 

* Experimental confirmation of barretter substitution error, by J. W. Adams 
and R. PF. Desch, IEEE Trans. MTT, to be published. 


™ Improved calibration accuracy for microwave bolometric devices, NBS 
Tech. News Bull. 51, No. 8, 174 (1967) 


interested in the Symposium’s content. Registration begins 
at 8:30 a.m. on Thursday, May 16. Registration fees are $7 
for Washington chapter members and $9 for all others 
(includes luncheon). Advance registrations are being ac- 
cepted by Miss Sharon Rose, Registration Chairman, ACM 
Symposium, National Bureau of Standards, Washington, 


D.C. 20234. 


Material Failures Conference 


On May 1, 1968, an all-day conference on material fail- 
ures will be held at the NBS Gaithersburg (Md.) labora- 
tories. This program, sponsored by the Washington Chap- 
ters of the American Society for Metals and the American 
Society of Mechanical Engineers, and by the National 
Bureau of Standards, will present an interdisciplinary look 
at the failure of materials in service. 

Six nationally known authorities in mechanical engineer- 
ing, metallurgy. and nondestructive testing will present 
their views. Ralph Nader, well-known critic of automotive 
safety, will also address the conference. 

Registration may be made in advance by mailing a check 
for $8 ($10 after April 21), payable to MATERIAL 
FAILURES CONFERENCE, to: 


Dr. H. P. Utech 
Rm. B164, Materials Bldg. 
National Bureau of Standards 


Washington, D.C. 20234. 
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PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Volume 52, No. 3, March 1968. 15 cents. 
Annual subscription: Domestic, $1.50; foreign, $2.25. Available 
on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $5; foreign, $6. Single copy, 
$1. 

Section B. Mathematical Sciences. (Formerly Mathematics and 
Mathematical Physics.) Issued quarterly. Annual subscription: 
Domestic, $2.25; foreign, $2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 75 cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 
J. Res. NBS 72A (Phys. and Chem.), No. 2 (Mar—Apr. 1968), 
$1. 
Constant pressure flame calorimetry with fluorine II. The heat of 
formation of oxygen difluoride. R. C. King and G. T. Armstrong. 


The heat of formation of boron carbide. E. S. Domalski and G. T. 
Armstrong. 


Solubility of tris( hydroxymethyl) aminomethane in water-methanol 
solvent mixtures and medium effects in the dissociation of the 
protonated base. P. Schindler, R. A. Robinson, and R. G. Bates. 


Calibration of the nickel dimethylglyoxime spectral shift at pres- 
sures to 20 kilobars for use in spectroscopic measurement. H. W. 
Davis. 

Second virial coefficient of He* in the temperature range from 
2 to 20 °K. M. E. Boyd, S. Y. Larsen, and H. Plumb. 

Diffusion rates in organic nuclear materials. A. L. Dragoo. 

Effect of oxide additions on the polymorphism of tantalum pent- 
oxide. (System Ta,0;-TiO.). J. L. Waring and R. S. Roth. 

Effect of statistical counting errors on wavelength criteria for x-ray 
spectra. J. S. Thomsen and F. Y. Yap. 

Thermodynamic properties of ammonia as an ideal gas. L. Haar. 

J. Res. NBS 72B (Math. Sci.), No. 1 (Jan.—Mar. 1968), 75 
cents. 

Means and the minimization of errors. M. Aissen. 

On Taylor’s theorem. O. Shisha. 

Principal submatrices III: Linear inequalities. R. C. Thompson. 

The diophantine equation P(x,y) = (xy + d)z. C. F. Osgood. 

A note on the G-transformation. H. L. Gray and T. A. Atchison. 


The distribution of the sample correlation coefficient with one 
variable fixed. D. Hogben. 

Solutions of the time-dependent Klein-Gordon and Dirac equations 
for a uniform electric field. V. W. Myers. 

Analysis of a market split model. J. M. McLynn, A. J. Goldman, 
P. R. Meyers, and R. H. Watkins. 

Citation searching and bibliographic coupling with remote on-line 
computer access. F. L. Alt and R. A. Kirsch. 


Simple analytic expressions for the total Born approximation cross 
section for pair production in a coulomb field. L. C. Maximon. 


OTHER NBS PUBLICATIONS 


Activation analysis: Cockcroft-Walton generator nuclear reactor, 
LINAC, July 1966 through June 1967, Ed. J. R. DeVoe, Tech. 
Note 428 (Nov. 1967), 55 cents. 
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Activities of the NBS Spectrochemical Analysis Section, July 196: 
through June 1967, Ed. B. F. Scribner, Tech. Note 422 (Jan 
1968) , 45 cents. 


Analytical coordination chemistry: Titrimetry, gravimetry, flam: 
photometry, spectrophotometry, and gas evolution, July 1966 t 
June 1967, Ed. O. Menis, Tech. Note 424 (Jan. 1968), 55 cents 


Compendium of ab initio calculations of molecular energies and 
properties, M. Krauss, Tech. Note 438 (Dec. 1967), 70 cents. 


Fire resistance of steel deck floor assemblies, H. Shoub and S. H. 
Ingberg, Bldg. Sci. Series 11 (Dec. 1967), 25 cents. 


Performance of square-edged orifices and orifice-target combina- 
tions as air mixers, T. K. Faison, Jr., J. C. Davis, and P. R. 
Achenbach, Bldg. Sci. Series 12 (Nov. 24, 1967), 15 cents. 


Selected values of chemical thermodynamic properties. Tables for 
the first thirty-four elements in the standard order of arrange 
ments. D. D. Wagman, W. H. Evans, V. B. Parker, I. Halow. 
S. M. Bailey, and R. H. Schumm, Tech. Note 270-3 (Jan. 1968). 
$1.25. (Supersedes Tech. Notes 270-1 and 270-2.) 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier references 
not previously reported may be included from time to time. 


CHEMISTRY 


Analysis of gold and platinum group alloys by x-ray emission 
with corrections for interelement effects, J. D. Eick, H. J. Caul, 
D. L. Smith, and S. D. Rasberry, Appl. Spectry. 21, No. 5, 
324-328 (Sept.—Oct. 1967). 


Chemical changes induced by high energy radiation. The present 
state of our knowledge, P. Ausloos, Scientia CII, 1-14 (Sept. 
Oct. 1967). 


Criteria for selection of absorber mounting materials in Méssbauer 
spectroscopy, L. May and D. K. Snediker, Nucl. Instr. Methods 
55, 183-188 (1967). 


Determination of medium-weight elements by gamma-excited x-ray 
fluorescence, M. G. Hollstein and J. R. DeVoe (Proc. 2d Symp. 
on Low Energy X- and Gamma Sources and Applications, 
University of Texas, Austin, Mar. 27-29, 1967), ORNL-IIC-10, 
pp. 483-502 (1967). 


Evaluation procedures and annual performance data for Leclanché 
cells, W. J. Hamer, Electrochem. Technol. 5, No. 11-12, 490- 
198 (Nov.—Dec. 1967). 


Glass-membrane potentials in mixed anion melts, K. H. Stern, 


J. Electrochem. Soc. 114, No. 12, 1257-1258 (Dec. 1967). 


Multiplex for dual-spectrum Méssbauer spectrometry, F. C. 
Ruegg (Proc. 2d Symp. on Low Energy X- and Gamma Sources 
and Applications, University of Texas, Austin, Mar. 27-29, 
1967), ORNL-IIC-10, pp. 157-175 (1967). 


Neutron-scattering study of hindered rotations in methylbenzenes, 


J. J. Rush, J. Chem. Phys. 47, No. 10, 3936-3941 (Nov. 1967). 


Neutron-scattering study of low-frequency modes in urea and 
ferroelectric thiourea, J. J. Rush, J. Chem. Phys. 47, No. 10, 
1278-4279 (Nov. 1967). 


New developments in zinc oxide-eugenol cement, G. M. Brauer, 
Ann. Dentistry 26, No. 2, 44-50 (1967). 
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NMR studies of inorganic fluorides. IV. Relative signs of coupling 
constants in CH,SiF:, HSiF:, and HPF:, R. B. Johannesen, J. 
Chem. Phys. 47, No. 8, 3088-3089 (Oct. 1967). 
ertinent data on some physical properties of different invest- 
ments used in the casting of gold alloys, M. Ohashi, J. W. 
Stanford, and G. C. Paffenbarger, J. Nihon Univ. Sch. Dent. 9, 
No. 3, 121-126 (Sept. 1967). 

Photolysis of ethylene at 1048-1067 A. Reactions of C:H,° and 
fragmentation of the superexcited ethylene molecule, R. Gor- 
den, Jr., and P. Ausloos, J. Chem. Phys. 47, No. 5, 1799-1806 
(Sept. 1967). 

Qualitative and quantitative determination of emulsion-poly- 
merised binders in latex paints, M. A. Post, J. Appl. Chem. 17, 
315-320 (Nov. 1967). 


ENGINEERING AND INSTRUMENTATION 


\ flattery index for artificial illuminants, D. B. Judd, Illum. Engr. 
62, No. 10, 593-598 (Oct. 1967). 


Accelerometer resonances affect vibration measurement, E. T. 
Pierce, O. W. Price, S. E. Edelman, and E. Jones, J. Environ. 
Sci. 10, No. 6, 17-21 (Dec. 1967). 


{n analysis of the “quarter-wave” technique of reducing the 
errors in UHF and microwave impedance measurement, W. E. 
Little, D. A. Ellerbruch, and G. F. Engen, IEEE Trans. Micro- 
wave Theory Tech. MTT=15, No. 9, 504-507 (Sept. 1967). 


Preparation of electron probe microanalyzer standards using a 
rapid quench method, J. I. Goldstein, F. J. Majeske, and H. 
Yakowitz, Advan. X-Ray Anal. 10, 431-446 (1967). 


The National Bureau of Standards program in computer sciences 
and technology, H. R. J. Grosch, Stat. Reptr. 68-3, 37-41 (Su- 
perintendent of Documents, Government Printing Office, Wash- 
ington, D. C. 20402, Sept. 1967, 20 cents) . 


MATHEMATICS 


A theorem on arbitrary functions, S. Haber, Am. Math. Mo. 74, 
No. 8, 973-975 (Oct. 1967). 


Algorithms for utilizing Hayward chemical structure notations, 
S. J. Tauber, G. R. Bolotsky, G. F. Fraction, C. L. Kirby, and 
G. R. Reed, Proc. ICIREPAT 5th Ann. Meeting, London, Eng- 
land, Aug. 31-Sept. 10, 1965, Chapt. 27, pp. 351-377 (Thompson 
Book Co., Washington, D.C., 1967). 


Midpoint quadrature formulas, S. Haber, Math. Compt. 21, No. 
100, 719-721 (Oct. 1967). 


The HAYSTAQ experiment, H. W. Hayward and S. J. Tauber, 
Proc. ICIREPAT 5th Ann. Meeting, London, England, Aug. 31 
Sept. 10, 1965, Chapt. 26, pp. 337-350 (Thompson Book Co., 
Washington, D.C., 1967). 


METROLOGY 
Spectral irradiances as determined through the use of prism and 


filter spectroradiometric techniques, W. E. Schneider, R. Stair, 
and J. K. Jackson, Appl. Opt. 6, No. 9, 1479-1486 (Sept. 1967). 


The national measurement systems of various countries, H. W. 
Lance, IEEE Trans. Instr. Meas. IM—15, No. 4, 397-403 (Dec. 
1966) . 


The variability of color measurement, I. Nimeroff, Color Eng. 5, 
No. 2, 24-29 (Mar.—Apr. 1966). 


Thermal converters for audio-frequency voltage measurements of 
high accuracy, F. L. Hermach and E. S. Williams, IEEE Trans. 
Instr. Meas. IM—15, No. 4, 260-268 (Dec. 1966). 


Thermal converters used as transfer standards for the measurement 
of alternating current and voltage, F. L. Hermach, Proc. 11° 
Session, Comité Con. D’Electricité, May 10-12, 1965, pp. E-83— 
E-88 (May 1965). 


Use of a laser for length measurement by fringe counting, K. E, 
Gillilland, H. D. Cook, K. D. Mielenz, and R. B. Stephens, Metro- 
logia 2, No. 3, 95-98 (July 1966). 

WWYV moves to Colorado, Part I, Y. Beers, QST 51, No. 1, 11-14 
(Jan. 1967) ; Part II, QST 51, No. 2, 30-35 (Feb. 1967). 


April 1968 


PHYSICS 

Anomalous heat capacity of TiNi, H. A. Berman, E. D. West, and 
A. G. Rozner, J. Appl. Phys. 38, No. 11, 4473-4476 (Oct. 1967). 

Correlation measurement in a turbulent flow using high-speed 
computing methods, F. N. Frenkiel and P. S. Klebanoff, Phys. 
Fluids 10, No. 8, 1737-1747 (Aug. 1967). 

Dissociation of NS and O% by electron impact, B. Van Zyl and 
G. H. Dunn, Phys. Rev. 163, No. 1, 43-45 (Nov. 1967). 

Effect of a sinusoidal excitation amplitude on the performance of 
an atomic-beam spectrometer, J. H. Shirley, Phys. Rev. 160, No. 1, 
95-99 (Aug. 1967). 

Effect of chain twisting on the effective barrier to reorientation 
for a hindered rotator, G. Williams, J. I. Lauritzen, Jr., and 
J. D. Hoffman, J. Appl. Phys. 38, No. 11, 4203-4208 (Oct. 
1967). 

Electron affinity of helium via laser photodetachment of its nega- 
tive ion, B. Brehm, M. A. Gusinow, and J. L. Hall, Phys. Rev. 
Letters 19, No. 13, 737-741 (Sept. 1967). 

Ellipsometric-potentiostatic studies of iron passivity, I. Anodic 
film growth in slightly basic solutions, J. Kruger and J. Calvert, 
J. Electrochem. Soc. 114, No. 12, 1265-1267 (Dec. 1967). 

Inelastic scattering of cold neutrons in polycrystalline gray tin, 
V. W. Myers, J. Phys. Chem. Solids 28, 2207-2210 (1967). 

Laser harmonics useful for frequency translation, W. S. Lovell, 
M. M. Anderson, and F. E. Seiller, Appl. Opt. 6, No. 8, 1430 
1432 (Aug. 1967). 

Some techniques used in the study of stress corrosion cracking, 
H. L. Logan, Am. Soc. Testing Mater. Stress Corrosion Testing 
Spec. Tech. Publ. 425, 127-144 (1967). 

Strain-wave propagation in strips of natural rubber subjected to 
high-velocity transverse impact, J. C. Smith and C. A. Fenster- 
maker, J. Appl. Phys. 38, No. 11, 4218-4224 (Oct. 1967). 

Superconducting transition temperatures of semiconducting 
SrTiO;, C. S. Koonce, M. L. Cohen, J. F. Schooley, W. R. 


Hosler, and E. R. Pfeiffer, Phys. Rev. 163, No. 2, 380-390 
(Nov. 1967). 


The “memory effect” in silver iodide, G. Burley, Acta Cryst. 23, 


Part 1, 1-5 (July 1967). 


Transmission through aluminum of beta-particles emitted by in- 
finitely-thick sources, R. H. Rodriguez-Pasques, P. A. Mullen, 
G. A. George, and J. E. Harding, Intern. J. Appl. Radiation 
Isotopes 18, No. 12, 835-847 (1967). 

Twin configurations in FCC dendrites, J. W. Faust, Jr., F. Og- 
burn, D. Kahan, and A. W. Ruff, Jr., J. Electrochem. Soc.: Solid 
State Science 114, No. 12, 1211-1212 (Dec. 1967). 


*Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (foreign postage, one- 
fourth additional). The NBS nonperiodical series are also avail- 
able from the Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Va. 22151. Reprints from outside journals 


and the NBS Journal of Research may often be obtained directly 
from the authors. 


CLEARINGHOUSE BIBLIOGRAPHIC JOURNALS ** 


U.S. Government Research & Development Reports. Semimonthly 
journal of abstracts of R&D reports on U.S. Government- 
sponsored projects and U.S. Government-sponsored _transla- 
tions of foreign technical material. Annual subscription (24 
issues): Domestic, $30; foreign, $37.50. Single copy, $3. 

U.S. Government Research & Development Reports Index (for- 
merly Government-Wide Index to Federal Research & Develop- 
ment Reports). Semimonthly index to preceding; arranged by 
subject, personal author, corporate author, contract number, and 
accession/report number. Annual subscription (24 issues): 
Domestic, $22; foreign, $27.50. Single copy, $3. 


** Subscriptions or single copies may be purchased from the 
Clearinghouse for Federal Scientific and Technical Information, 
NBS, U.S. Department of Commerce, Springfield, Va. 22151, for 
the price indicated. 
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